Molecular model of the predicted signal-binding site Models were constructed on New England Biographics Promodeler I software, by residue replacement of the SRP sequences of the h2 and h3 helices on a classical a-helix, and by residue replacement of a p-strand found in the crystal structure of /l-lactoglobulin (residues 47-58) with residues I -I2 of the rat pre-elastase signal sequence.
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The de now design of proteins, i.e. the selection of amino acid sequences that fold into a desired predetermined structure, is one of the outstanding challenges in modem biochemistry. There is little barrels [6,7] . Similarly, folds not found naturally, such as an 'open sandwich', have also been designed [8] . In all these cases, the approach has been essentially the same, to manually choose appropriate sequences of amino acids using "physi-cal, statistical and intuitive criteria" [9] . Although most of the designed proteins have not been subjected to a full structural characterization, many seem to have elements of the correct secondary structure, and some recent reports indicate that new sequences actually adopt the desired structure [ 10.1 I] . However, in all these experiments, an intimate knowledge of the particular protein fold was an essential prerequisite, and it is not at all clear how this approach might be extended to have significant general success. A widely applicable approach to the design problem is to use a computer, initially to derive an approximation to the 'rules' of structure in the form of statistical parameters, and then to find a sequence which optimizes these rules for a particular target fold. This is the approach which we have taken (S. E. Brenner and A. Berry, unpublished work) [ 121. The method operates by evaluating a number of criteria and then computing a weighted sum which is designated the sequence's 'quality' for the desired structure. These criteria can be divided into four broad categories: position, neighbour, uniqueness and hints.
The heart of the design system lies in the first two categories, position and ne&hbour. Position preferences are statistical measures such as secondarystructure preference or solvent accessibility, reflecting the preference of a particular type of residue to be found within a given secondary structure, or to be found buried within proteins or exposed on the surface. N*hbour preferences are measures of the likelihood of finding one residue type near another, either in the primary sequence or in space [5, 13] . The statistical information which is used to design optimized sequences is derived from the native structures of known proteins deposited in the Brookhaven Protein Data Bank (PDB) [14, 15] . The analysis of the database is particularly problematic because there is severe bias in the data set resulting from large numbers of structures of the same or very closely related proteins. Furthermore, the quality of individual PDB co-ordinate files varies widely and it is undesirable to give considerable weight to data which is inaccurate. A weighting algorithm has therefore been created which takes account of these factors without needlessly throwing away information (S. E. Brenner and A. Berry, unpublished work).
The third type of parameter is uniqueness and is incorporated to reflect the need for 'negative design', i.e. the need to ensure that a designed sequence not only fits well in the desired structure but does not fit even better in another structure [ 161. Finally, hints is a broad category which contains data about the desired protein which is needed by the design system but which is not included in the previous parameters. In addition, this section could have any information about the functionality of the protein, details that will make it easier to synthesize, and patterns that will facilitate structural studies on the protein.
In order to assess the feasibility of such a computerized design method, we have created a simplified system using a subset of the parameters outlined above. We have used this prototype to design various protein structures and have subjected the resulting amino acid sequences to a range of analyses. The prototype system requires the secondary structure and solvent accessibility of each amino acid in the protein structure we are trying to build The rules which the system then uses to determine the novel sequence are based only on secondary structure, solvent accessibility, primarysequence neighbour and diversity (a parameter incorporated to ensure that the residue composition of designed sequences mirrors that of natural sequences). A weighted sum of these parameters is optimized using a simulated annealing protocol to find the best sequences for the structure.
As an example of the results generated by the design system, we describe here some sequences designed to fold into a four a-helix bundle based on the structure of myohemerythrin ( Figure I Figure 2 shows the sequences of the natural myohemerythrin together with the sequences of four proteins designed with the default weights for the various parameters (S. E. Brenner and A. Berry, unpublished work). None of the designed sequences shows any significant identity to the natural sequence; however, the designed sequences are nearly identical. Indeed, a search of the Swissprot protein database found that none of the designed sequences shared any significant identity with any natural protein.
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Secondary-structure prediction showed that four a-helices were likely to form in the designed sequences (Figure 2 ), although the boundaries were often not positioned exactly as desired [ 18,191. It is interesting to note that around residues 110-1 13, where a 3,0-helix is found in the natural protein, the designed sequences were always predicted to have an extended conformation.
One of the problems frequently encountered by protein designers has been unsatisfactory packing of residues within the protein. This problem is only tangentially addressed in our methodology by spatial neighbour preferences; nevertheless, it was interesting to look at the nature of the faces of the designed helices as an indication of how they might interact. An example of this analysis is shown in Figure 3 , where the residues of helix 1 in both the natural and designed sequences are displayed on a helical-wheel diagram. In both cases, the helices show clearly defined hydrophobic and hydrophilic faces. This result is also repeated for helices 2, 3 and 4 (results not shown). It appears, therefore, that not only is the designed sequence predicted to form four helices but that they come together in some way to bury the hydrophobic surfaces of the helices. It remains to be determined experimentally whether or not this is the case.
In conclusion, we have developed a general quantitative methodology for designing proteins that relies upon statistical information derived from the structures of all known proteins, a theoretical model of protein structure, and motifs described in the literature. A prototype version of the design system has been used to produce new sequences for a wide variety of protein folds, and these sequences appear generally plausible for the desired structure. In addition to designing proteins with potential medicinal and biotechnological uses, the quantitative nature of the design system will provide us with a fuller understanding of protein structure.
